The central reach of the Ebro River, one of the largest rivers in the Mediterranean region, is characterised by a meandering channel that develops into a wide floodplain. In the present study, we analysed the evolution of the landscape structure and function of riparian forests in the Middle Ebro River (~ 250 km long) in 1927, 1957 and 2003 in order to evaluate the forest dynamics in this river corridor. In the 20th century, the Ebro floodplain suffered a dramatic hydromorphological transformation as a result of urban and agricultural encroachment on the river territory and modifications to its flow regime. This study assesses the overall morphology and connectivity of riparian forest patches in the study area using a wide range of parameters. The influence of the hydromorphological changes of the river system on the general status of the riparian forests was then determined. The analysis revealed a profound trend toward the homogenisation and isolation of forest patches. Habitat loss and landscape fragmentation were the dominant processes in the study area and were especially intense in some river segments, where large forest patches and high connectivity once prevailed. Landscape modification and overall homogenisation intensified during the second half of the last century. The results for the entire set of parameters can be used to identify guidelines for the effective attenuation of these trends and for the progressive rehabilitation of the dynamics of the Middle Ebro landscape. 
Introduction
Riparian forests are one of the most dynamic components of river ecosystems, providing a wide range of ecosystem services. They help to balance energy and matter flows, reduce streamflow nutrient load and supply particulate organic matter to the aquatic biota. They also have an active role in the geomorphic pattern of the river, retaining sediments in the channel and adjacent floodplain and reducing erosion of the banks. Additionally, they improve the quantity and quality of aquatic and riparian habitats, and are essential for maintaining biodiversity and landscape values in the river system [1-3].
However, riparian forests frequently experience changes due to river regulation and modification of land use in the river system. Certain human activities in floodplains, such as the increase of agricultural or urban uses in previously forested areas, may also have a significant influence on the pattern of a river's geomorphology and its associated riparian forests [10] . In the context of agro-landscapes, the ecological functions of riparian corridors are of utmost interest, considering the overall degradation of the surrounding matrix [11] . The relationship between the channel and its floodplain is a key factor in understanding the composition and species richness of a river ecosystem [12, 13] . The exchange of nutrients, sediments and organic matter and the associated biotic processes are the basis for these interactions [14] . Changes in riparian vegetation catalysed by the construction of lateral dikes have been analysed by different authors [15] [16] [17] . Other defensive types of structures, such as rip-raps and groynes, contribute to the reduction of the lateral connectivity of channels because they hinder the lateral migration of the channels and the refreshment of fluvial forms [18] . Other studies [19, 20] have shown that high biodiversity riparian corridors. This study aimed to cover some of these gaps, assessing in detail the structure of the riparian forest as a large corridor, by answering the following questions:
i. Which was the evolution pattern of the riparian vegetation in the central sector of the Ebro River during the 20th century?
ii. Which are the forest structure parameters that best describe the ecological dynamics of large riparian forests?
iii. Which are the most convenient strategies to improve the status of the riparian corridor of the Ebro River, taking into account the hydromorphological alterations of the river system? 2. Materials and methods
Study area
The river area analysed in this study comprises the floodplain of can be maintained in river ecosystems by conserving the river's natural attributes and functions that are directly connected to the river. The connectivity of channels within a floodplain (transfer of matter, energy and organisms) is thus a basic means of protecting river biodiversity [21, 22] .
Materials and procedure
Concerning the riparian forest complexity and habitat diversity in the riparian corridor, a successional vegetative gradient was found from upper to lower reaches of different
Mediterranean rivers with a concomitant increase in both woody cover and habitat diversity [23] . The increase in the complexity and heterogeneity of river habitats was especially remarkable in the mature communities in the low-gradient river reaches.
Although numerous authors have found that the highest species richness and habitat diversity occurs in the intermediate reaches of rivers where environmental heterogeneity is greatest [24] , the gradient of vegetation in Mediterranean rivers-characterised
by high flow variability-shows a different pattern. This could be due to the different temporal scale of flooding, which only allows floods of great magnitude to substantially perturb plant communities [25] . Other researchers have found evidence of high structural homogeneity (horizontal and vertical) in humanaltered riparian forest patches, which contrasts the high levels of biodiversity typical to riparian corridors [23] .
Regarding the analysis of the ecological functions of riparian forests, different authors have suggested that the forest width may be addressed as best indicator of its functioning [26, 27] . Thus, forest width is the most common metric used for making management recommendations and in developing best practice guidelines for these systems. This principle is based on the assumption that the area occupied by a riparian forest is correlated with biodiversity and that border effects are more intense in small or narrow forest patches [28] . However, this A number of configuration metrics were formulated for the assessment of vegetation dynamics, either in terms of individual patches or in terms of class or landscape, depending on the desired work scale. Typically, these metrics are spatially explicit at the patch level and not at the class or landscape level [39] . The principle aspects of this configuration are as follows [40] : i. patch size distribution and density; ii. patch shape complexity (geometry of patches); iii. core area (i.e., interior area of patches after a user-specified edge buffer is eliminated); iv.
isolation/proximity (i.e., tendency for patches to be relatively 
ii. Connectivity parameters
The analysis used the following connectivity parameters, again for the three years: the number of discontinuities (cover gaps)
in the corridor of the forested banks (C1), the average length of those discontinuities (C2), considering the lower threshold for a gap as 10 meters), the total length of the longitudinal banks of forested corridors (C3), and the maximum length of the transversal forested corridor (C4). The average distance among the entire range of patches (C5) was measured with the software Conefor Sensinode 2.2 [43] . The patch density (ratio between the total forest area and the floodplain area, C6) and the edge density (ratio of the total forest perimeter to the overall floodplain area, C7) were also determined. Patch density has been positively correlated to spatial heterogeneity and species diversity, and edge density illustrates the complexity of the shape of the patches [44, 45] .
Additionally, the number of core areas (C8) and the average surface area occupied by them (C9) were determined. The minimum buffer distance to non-forested soil was established as 100 m. The total core area (C10) (defined as forest at least 100 m from non-autochthonous or non-forested areas) was also determined, including an optional 50-meter threshold (C10bis). Non-autochthonous vegetation areas were defined as those covered by alien species, be they planted or not. Finally, additional parameters were calculated, such as the ratio between forest and channel habitats. C11 describes the ratio of forest perimeters to bank length, and C12 represents the ratio between the areas occupied by riparian forests and active channels.
Results

i. Morphometric parameters
The data in Table 1 
Ten morphometric parameters were used in this study. They were calculated independently for each one of the three years.
The total autochthonous riparian forest area (F1), the number of 
ii. Connectivity parameters
The connectivity parameters also indicated that major changes occurred during the period in question ( Table 2 The total core area (considering 100-m or 50-m buffers, parameters C10 and C10b, respectively) mirrored the trends of the core areas by decaying greatly; however, there were several differences in the rate of reduction for this variable. The rate of decay was homogeneous in the two sub-intervals for C10, but it was notably higher from 1957 to 2003 in C10b. This finding suggests the presence of a mechanism mentioned previously; until 1957, the most degraded patches were the largest ones.
However, from that date on, changes to the forest spread over the whole range of forest patches, independent of their size.
Finally, the parameters C11 and C12 provide valuable information about the relationship between the forest and aquatic habitats in the study area. The ratio of edge habitats (C11) increased until 1957 (+10%). This change shows that, prior to 1957, the reduction of bank habitats occurred faster than the decay of forest edge habitats. In the following interval, the situation was maintained in an almost invariant manner, indicating that the rate of destruction of both habitat types was quite similar in the second half of the century.
The ratio between surface forest habitats and active channel habitats (C12) declined remarkably (-26%) over the entire time continuity. Pioneer forests have been marginalised because the progressive narrowing and stabilisation of the river channel [46] hampers the creation of new shallow sites that are connected to the channel and conducive to colonisation. These results confirm the hypothesis described by some authors of a decrease in the area occupied by pioneer forests due to the proliferation of mature stands [35] . In this context, pioneer forests can only colonise in-channel islands and small riparian areas where the river dynamics maintain some of their former activity [42] .
A similar study concluded that patches with low interior to edge ratios should be a priority for short-term initiatives, whereas those with high ratios are better suited to long-term purchase and reserve programs [55] . The former may be more immediately vulnerable, and the latter may better establish large-scale landscape continuity. Thus, patch shape should be considered when devising strategies for the restoration of the riparian zones in the Middle Ebro.
The parameters related to connectivity in the Ebro floodplain also indicate that changes to the region's hydromorphological pattern preceded the transformation to its riparian forests.
In recent decades, the stabilisation of forms and ecological processes may have been fostered by biogeomorphic forces, preventing the dynamic evolution of the Ebro´s ecomorphology.
The alteration process may then lead to substitution and degradation of the forest playing a dominant role in the river floodplain. The connectivity parameters also could be indicating an accelerated rate of encroachment on the fluvial territory.
The proliferation of urban and agricultural uses, which were supported by hydrogeomorphological alterations to the river system, confined the forest to areas close to the channel, and the spatial structure of the riparian landscape was mostly lost.
Conclusions
In the early 20th century, the central portion of the Ebro River The major changes in the forest structure developed progressively throughout the study period, but the rate of patch area and increased isolation of patches) and, as a result, (3) changes in habitat quality due to edge effects [47, 48] . True fragmentation can have either a negative or positive effect on biodiversity (as moderate disturbances may increase the heterogeneity of the landscape), while habitat loss is the most detrimental aspect of habitat fragmentation [49] . Among the three components of habitat fragmentation, habitat degradation is the prevailing process in the Ebro and needs to be especially taken into account in management plans.
The distribution of riparian trees represents a compromise between their requirements for high levels of soil moisture and sunlight and their vulnerability to floods [12, 13, 50, 51] . Their location is also influenced by the surrounding environmental conditions at the time measures for disturbance control (flow and flood regulation in this case) are initiated [52] . The landscape structure of the floodplain forest of the Ebro is a manifestation of these processes. The duration and magnitude of summer droughts further constrains the development and distribution of pioneer and non-pioneer forests, and previous research has found that summer drought dynamics actively influence the ecology of the Ebro River [6] . The river's confinement and the lack of disturbance events could have also led to other negative ecological processes in wetlands of the study area, which could also be affecting the riparian vegetation (e.g. water salinisation, eutrophication, habitat homogenisation) [53] .
Non-pioneer forests occupy a greater portion of the Middle Ebro than they did in the absence of regulation.
Most of the existing forests in the Middle Ebro will persist, at least in the medium-term, regardless of whether the current hydrogeomorphic patterns are maintained [35] . New pioneer forests will thus be confined to smaller and more dynamic areas Most remarkably, the parameters related to connectivity
show that changes to the forest mosaic, which is characterised by a decrease in patch area and a progressive elongation and adjustment to the channel edges, were accompanied by an increase in forest discontinuity along the meandering corridor ( Figure 3 ). The patch (C6) and edge (C7) density were considerably lower compared to those obtained in other similar studies [44, 45, 54] . The most altered patches are those associated with the most ecologically valuable core areas. The new forest is characterised by a linear structure and small patches that lack core areas to protect the biodiversity and dynamic reservoir of the previously free-meandering channel; (iii) the rehabilitation of the fluvial territory to its core dimensions (at least) prior to the last significant alteration of the river's pattern, as this could facilitate the reconnection of the floodplain wetlands with the main channel and allow the collapsed forest patches to be replaced with a more active, pioneer-dominated, and durable forest structure; and (iv) the identification of the patches that are most vulnerable to exogenous pressures, or the preservation of patches that are most likely to be resistant to such pressures.
This scenario could be the only strategy capable of restoring function to the ecological and geomorphological structure of the Ebro system over the long term, and does so in accordance with current legal and scientific requirements and recommendations.
